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to dissolve them in a proportion of 1 mg of body weight to 5 μL of PBS. Then, the homogenates were centrifuged at 6000 x g for five minutes at 4 °C and then 20 μL of the extract supernatants were centrifuged at 6000 x g for five minutes at 4 °C again. Then, 10 μL of the supernatants were extracted and stored at -80 °C until antifungal activity assay. For the antifungal activity of the two body parts (abdomen cuticle and thorax), we froze and dissected 20 fungus-treated and 20 control-treated termites. Each treated type consisting of a pool of abdomen cuticles and thoraces of five termites were crushed in liquid nitrogen in each replicate, then were dissolved in 50 μL of PBS and performed as the methods described above.
For the antifungal activity of stomodeal droplet, we obtained the stomodeal droplets of 20 fungus-treated individuals and 20 control-treated individuals. Because we only retrieved 0.1 μL regurgitate from one termite with capillary, we pooled stomodeal droplets of five termites in each replicate and dissolved stomodeal droplets in 1.5 μL of PBS. The supernatant of abdomen cuticles and thoraces, and the stomodeal droplet were stored at -80 °C until antifungal activity assay. When measuring antifungal activity, we used 96-well microplates with 50 μL potato dextrose (PD), 2 μL blastospores (10 6 spores/mL), 2 μL supernatant or stomodeal droplets per well. Additionally, we used 50 μL PD, 2 μL the blastospores, 2 μL PBS per well for spores-growth control, and 50 μL PD, 4 μL PBS per well for standards. After 24 hours of cultivation in constant temperature shaker (200 rpm; 25 °C ± 1 °C), the absorbance of each well was measured by the microplate spectrophotometer (wavelength: 600 nm).
Confirmation of identity of CFUs as M. anisopliae by PCR.
We extracted DNA of M. anisopliae (strain IBCCM321.93) as positive controls and that of Beauveria bassiana (strain GIM3.428) as negative controls directly from our fungal culture. We also extracted DNA of CFUs from fungus-treated termites and their nestmates to determine whether the CFUs from dissected body contents of the termites were truly M. anisopliae.
DNA was extracted by the method of CTAB. The fungal material was scraped lightly from the Petri Dish, and crushed in liquid nitrogen for 30 seconds, and then heated at 65 °C for 30 second. The procedure was repeated for three times. The fungal material was then resuspended with 1 mL CTAB buffer (2% CTAB, 0.75 M NaCl, 50 mM Tris/HCl pH 8.0, 10 mM EDTA) and then add 10 μL Proteinase K (TaKaRa) to the suspension. Each suspension was incubated for 1 hour at 55 °C and mixed by vortexing for 5 seconds every 10 minutes. We added 1 mL chloroform/isoamyl alcohol (24:1) and mixed. The mixture was centrifuged at 12 000×g for 10 minutes. The upper phase (contain DNA) was removed to a new 1.5 mL tube. The DNA was extracted by chloroform/isoamyl alcohol (24:1) for two times by the method described above to remove the protein in DNA. The upper phase (about 300 μL) was incubated at -20 °C for 30 minutes with 600 μL ethyl alcohol and 30μL NaAc (3 M). Then the mixture was centrifuged at 12 000 ×g for 15 minutes to collect the DNA. DNA pellets were washed by 1 mL 75% ethyl alcohol. After centrifuged at 12 000 ×g for 10 minutes, the solution was abandoned. DNA pellets were dried at room temperature for 15 minutes and then dissolved by 50μL ddH 2 O.
The universal primer: ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') were used to amplify the sequence of M. anisopliae. The protocol of PCR action contains 12.8 μL of ddH 2 O, 0.4 μL of ITS1 (10 μM), 0.4 μL of ITS4 (10 μM), 1 μL of DNA template, 3.2 μL of dNTP Mixture (2.5 mM each), 2 μL of 10×LA Taq Buffer II (Mg 2+ Plus) and 0.2 μL of TaKaRa LA Taq (5 U/μL). PCR reactions were performed in a thermocycler (MyCycler TM Thermal Cycler, Bio-Rad) with the following amplification conditions: 4 minutes denaturation of 95 °C, followed by 35 cycles of 95 °C for 30 seconds, 55 °C for 30 seconds and 72 °C for 1 minute, and final extension at 72 °C for 7 minutes. The PCR products were purified by Wizard ® SV Gel and PCR Clean-Up System, and the sequence of gel extraction products was confirmed by sequencing.
The specific primer for M. anisopliae (forward: 5'-TTATCCAACTCCCAACCCCT-3', reverse: 5'-TCCTGTTGCGAGTGCTTTAC-3') were designed according to the sequence amplified by the universal primer. The protocol of PCR action contains 12.8 μL of ddH 2 O, 0.4 μL of forward primer (10 μM), 0.4 μL of reverse primer (10 μM), 1 μL of DNA template, 3.2 μL of dNTP Mixture (2.5 mM each), 2 μL of 10×LA Taq Buffer II (Mg 2+ Plus) and 0.2 μL of TaKaRa LA Taq (5 U/μL). PCR reactions were performed under the following conditions: 4 minutes denaturation of 95 °C, followed by 35 cycles of 95 °C for 30 seconds, 59 °C for 30 seconds and 72 °C for 40 seconds, and final extension at 72 °C for 7 minutes. The PCR products were confirmed by the agarose gel electrophoresis. Activity assay of defensive enzymes One fungus-treated (or control-treated) termite and five nestmates were cultivated together for 5 d. There were 15 replicates of interactive cultivation for pathogenic fungus treatment and control treatment, respectively. Then, 15 nestmates from three replicates were pooled and crushed by liquid nitrogen and dissolved in a proportion of 1 mg of body weight to 10 μL of PBS. The homogenates were centrifuged at 10,000 × g for 15 min at 4 °C and the supernatant as samples of enzyme activity assay was used for analysis. We determine protein concentrations using bovine serum albumin as the standard 1 . The activities of superoxide dismutase (SOD, 5 replicates per treatment) and catalase (CAT, 5 replicates per treatment) were determined according to the protocols offered by manufacturer (Nanjing Jiancheng Bioengineering Institute, Jiangsu, China). To determine SOD activity, we used the systems of xanthine reacting with xanthine oxidase and measured their absorbance spectrophotometrically at 550 nm. One unit of SOD activity was determined as the number of enzyme required for 50% inhibition of the xanthine and xanthine oxidase system reaction in 1 mL enzyme extraction of 1 mg protein. SOD 
Expressions of immune genes
One fungus-treated (or control-treated) termite and five nestmates were cultivated together for 5 d. The five nestmates were pooled and crushed in 1.5 mL centrifuge tube with liquid nitrogen, using sterilized disposable tissue grinding pestles. Total RNA of samples was extracted using TRIzol according to manufacturer protocol. The purity and concentration of the extracted RNA were determined by Thermo NANO DROP 2000 Spectrophotometer. Approximately 1μg RNA was treated by DNase-I, and then was converted to single-stranded cDNA using PrimeScript RT reagent Kit (perfect real time) (TaKaRa, Dalian, China). The cDNA products were then diluted with deionized water to 25-fold as template for the real-time PCR of phenoloxidase and 125-fold as templates for the real-time PCR of transferrin, termicin and β-actin (reference gene). The quantitative reaction was performed on My IQ TM 2 Two color Real-time PCR Detection System (Bio-Rad, USA). Reaction mixtures, containing 10 μL of SYBR Premix Ex Taq TM II (TaKaRa, Dalian, China), 0.4 μL of forward primer (10 μM), 0.4 μL of reserve primer (10 μM), and 2 μL of template cDNA were performed as the following reaction condition: 95 °C for 3 min, followed by 40 cycles of 95 °C for 10 s and 58 °C for 30 s.
According to the sequences of the other termites, primers were designed using Primer Premier 5. Based on the acquired sequences of R. chinensis, specific primers for real-time PCR were designed by Beacon Designer 7.7. The expressions of fungus-treated groups were calibrated by those of control-treated groups. The relative gene expressions were calculated by the method of 2 -ΔΔ Ct 2 . The real-time PCR were performed on three biological replicates each containing three technical replicates.
Referential sequences and primers used for PCR amplification of immune genes.
Gene Name Accession 
Protein preparation
Termite samples were ground into powder in liquid nitrogen and extracted with Lysis buffer (7 M Urea, 2 M Thiourea, 4% CHAPS, 40 mM Tris-HCl, pH 8.5) containing 1 mM PMSF and 2 mM EDTA (final concentration). After 5 min of vigorous vortex, 10 mM DTT (final concentration) was added to the samples. The suspension was sonicated at 200 W for 15 min and then centrifuged at 30 000×g for 15 min at 4 °C. The supernatant was mixed well with 5× volume of chilled acetone containing 10% (v/v) TCA and incubated at -20 °C overnight. After centrifugation at 4 °C, 30 000×g for 15 min, the supernatant was discarded. The precipitate was washed with chilled acetone three times. The pellet was air-dried and dissolved in Lysis buffer (7 M urea, 2 M thiourea, 4% NP40, 20 mM Tris-HCl, pH 8.0-8.5). The suspension was sonicated at 200 W for 15 min and centrifuged at 4 °C, 30 000×g for 15 min. The protein in the supernatant was transferred to another tube and reduced with 10 mM DTT (56 °C for 1 h). Cysteine residues blocked with 55 mM iodoacetamide (IAM) (darkroom temperature for 1 h). Protein was precipitated with chilled acetone at -20 °C for 2 h. After centrifugation at 4 °C, 30 000×g for 15 min, the supernatant was discarded, and the pellet was air-dried for 5 min, dissolved in 500 μL 0.5 M TEAB, and sonicated at 200 W for 15 min. Finally, the samples were centrifuged at 4 °C, 30 000×g for 15 min. The supernatant was transferred to a new tube and determined by the protein-dye method of Bradford (1976) using bovine serum albumin as a quantitative standard 1 . The proteins in the supernatant were kept at -80°C for further analysis. iTRAQ Labeling and Strong Cation Exchange Choematography (SCX) Fractionation Total protein (100μg) was taken out of each sample solution and then the protein was digested with Trypsin (protein: trypsin ratio = 30: 1) at 37 °C for 16 hours. After trypsin digestion, peptides were dried by vacuum centrifugation. Peptides were reconstituted in 0.5 M TEAB and processed according to the manufacturer's protocol for 8-plex iTRAQ reagent (Applied Biosystems). Samples were labeled with the iTRAQ tags as follow: 114-, 116-and 118-iTRAQ tags for control replicate Control 1, Control 2 and Control 3; and 115-, 117-and 119-iTRAQ tags for fungus-treated replicate Fungus 1, Fungus 2 and Fungus 3, respectively. The peptides labeled with respective isobaric tags, incubated for 2 h and vacuum centrifuged to dryness. SCX chromatography was performed with a LC-20AB HPLC Pump system (Shimadzu, Japan). The iTRAQ-labeled peptide mixtures were reconstituted with 4 mL buffer A (25 mM NaH2PO4 in 25% ACN, pH 2.7) and loaded onto a 4.6×250 mm Ultremex SCX column containing 5 μm particles (Phenomenex). The peptides were eluted at a flow rate of 1 mL/min with a gradient of buffer A for 10 min, 5-60% buffer B (25 mM NaH2PO4, 1 M KCl in 25% ACN, pH 2.7) for 27 min, 60-100% buffer B for 1 min. The system was then maintained at 100% buffer B for 1 min before equilibrating with buffer A for 10 min prior to the next injection. Elution was monitored by measuring the absorbance at 214 nm, and fractions were collected every 1 min. The eluted peptides were pooled into 20 fractions, desalted with a Strata X C18 column (Phenomenex) and vacuum-dried.
LC-ESI-MS/MS Analysis Based on Q EXACTIVE
The peptides (5 μg) were taken up into 10μL 2% ACN, 0.1% trifluoroacetic acid (TFA) solvent and injected onto a 2 cm C18 trap column (inner diameter 200 μm) connected resolving 10 cm analytical C18 column (inner diameter 75 μm) on a Shimadzu LC-20AD nanoHPLC. Each sample was loaded onto the column at 8 μL /min for 4 min, then the 44 min gradient was run at 300 nl /min starting from 2 to 35% buffer B (98%ACN, 0.1%FA), followed by 2 min linear gradient to 80%, and maintenance at 80% buffer B for 4 min, and finally return to 5% in 1 min.
The peptides were subjected to nanoelectrospray ionization followed by tandem mass spectrometry (MS/MS) in an QEXACTIVE (Thermo Fisher Scientific, San Jose, CA) coupled online to the HPLC. Intact peptides were detected in the Orbitrap at a resolution of 70 000. Peptides were selected for MS/MS using high-energy collision dissociation (HCD) operating mode with a normalized collision energy setting of 27.0; ion fragments were detected in the Orbitrap at a resolution of 17500. A data-dependent procedure that alternated between one MS scan followed by 15 MS/MS scans was applied for the 15 most abundant precursor ions above a threshold ion count of 20000 in the MS survey scan with a following Dynamic Exclusion duration of 15 s. The electrospray voltage applied was 1.6 kV. Automatic gain control (AGC) was used to optimize the spectra generated by the Orbitrap. The AGC target for full MS was 3E6 and 1E5 for MS2. For MS scans, the m/z scan range was 350 to 2000 Da. For MS2 scans, the m/z scan range was 100 to 1800 Da.
Proteomics Data Analysis
Raw data files acquired from the Orbitrap were converted into MGF files using Proteome Discoverer 1.2 (PD 1.2, Thermo), [5600 msconverter] and the MGF file were searched. Proteins identification was performed by using Mascot 2.3.02 (Matrix Science, London, UK) against database containing 15860 sequences.
For protein identification, a mass tolerance of 20 Da (ppm) was permitted for intact peptide masses and 0.05 Da for fragmented ions, with allowance for one missed cleavages in the trypsin digests. Gln->pyro-Glu (N-term Q), Oxidation (M), Deamidated (NQ) as the potential variable modifications, and Carbamidomethyl (C), iTRAQ8plex (N-term), iTRAQ8plex (K) as fixed modifications. The charge states of peptides were set to +2 and +3. Specifically, an automatic decoy database search was performed in Mascot by choosing the decoy checkbox in which a random sequence of database is generated and tested for raw spectra as well as the real database. To reduce the probability of false peptide identification, only peptides with significance scores (≥20) at the 99% confidence interval by a Mascot probability analysis greater than "identity" were counted as identified. And each confident protein identification involves at least one unique peptide.
For protein quantization, it was required that a protein contains at least two unique peptides. The quantitative protein ratios were weighted and normalized by the median ratio in Mascot. Proteins with 1.2-fold change between fungus-treated and control samples and p-value of statistical evaluation less than 0.05 were determined as differentially abundant proteins.
MRM validation of differentially expressed proteins from iTRAQ
A spectral library of all proteins in samples MS/MS data was generated on TripleTOF5600 (AB SCIEX, Foster City, CA), searched using ProteinPilot (AB SCIEX, Foster City, CA) and imported into Skyline software 3 where a library was built. Unique peptides (7-30 amino acids length) without modifications and missed cleavages were selected for MRMs. We initially monitored four transitions per peptide to ensure specificity with the criteria that at least four y-ions had the same elution profile and were in the same ratios as the spectral library, and to see that predicted retention times were observed. A test pool of the six samples (Fungus: n = 3; Control: n = 3) was digested as described in iTRAQ and was performed preliminary SRM assays used to determine where these proteins were detected. Samples were digested as described and spiked with 20 fmol of β-galactosidase for data normalization. MRM analyses were performed on QTRAP5500 mass spectrometer (AB SCIEX, Foster City, CA) equipped with Waters nano Acquity Ultra Performance LC system. The Mobile phase consisted of solvent A, 0.1% aqueous formic acid and solvent B, 98% acetonitrile with 0.1% formic acid. Peptides were separated on a Kinetex C18 column (150 × 3.0 mm, 2.6 μm) at 300 nL/min, and eluted with a gradient of 5-8% solvent B for 2 min, 8-30% solvent B for 90 min, and followed by 30-80% solvent B for 3 min. For the 5500 QTRAP mass spectrometer, spray voltage of 2100 V, nebulizer gas of 20 p.s.i. and a dwell time of 10 ms were used. Multiple MRM transitions were monitored using unit resolution in both Q1 and Q3 quadrupoles to maximize specificity. Each MRM transition had a minimum dwell time of 10ms. Data analysis was performed using Skyling 3 . At least one unique peptide per protein was used for quantification. The top three abundant transitions for each peptide were used for quantification unless interference from the matrix was observed. There are three replicates for all MRM analyses. For variation analysis, t-test was used to compare each peptide for significance. Spearman's correlation was used to analyze the correlation between log ratios of the quantitative data from MRM and log ratios of the quantitative data from iTRAQ for 14 target proteins.
